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ABSTRACT

Objectives: This study aimed to conduct a bibliometric analysis of publications on the use of micro-computed
tomography (micro-CT) in root canal morphology research to map scientific output, assess collaboration patterns, and
identify thematic trends.

KEYWORDS

Endodontics Materials and Methods: Articles published between 2000 and 2025 were retrieved from the Web of Science Core
Micro-computed tomography Collection (WoSCC), limited to the Science Citation Index Expanded (SCl-Expanded). After applying the inclusion and
Root Canal Morphology

exclusion criteria, eligible studies were analyzed by publication year, authorship, country of origin, journal and keyword
occurrence. Data were processed using Microsoft Excel, and bibliometric networks were visualized in VOSviewer
(v1.6.15).

Scientometric analysis

CORRESPONDENCE

Ozge Basar o Results: Publication output increased steadily after 2010, reaching a plateau during 2020. Brazil, the United States, and

Turkuaz Dental Clinic, lzmir, Tiirkiye China were the most productive countries, together contributing over 60% of all SCl-indexed articles, while Turkiye,
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Germany, and Switzerland also showed notable growth. Versiani, Sousa-Neto, and Keles were among the most prolific
and influential authors. Keyword mapping revealed three main clusters: instrumentation and preparation, imaging-

CLINICAL SIGNIFICANCE based anatomical analysis, and cone-beam computed tomography.

Micro-CT offers precise, non-destructive Conclusion: Micro-CT has become an essential imaging tool in endodontic morphology research, allowing precise
visualization of canal morphology, providing three-dimensional evaluation of root canal anatomy. Although it was initially used mainly for validation purposes, it
valuable insights into complex internal anatomy. . . . . .

These insights have improved the understanding of has progressively evolved into a comprehensive tool for detailed assessment of root canal morphology and quantitative

canal configurations, refined experimental models, analysis in endodontic studies.
and guided the advancement of clinical techniques
and instrumentation strategies endodontic practice.

1. Introduction techniques.>” Subsequently, as scanner availability increased and

analytical software advanced, researchers began to explore the
Understanding the complex three-dimensional morphology of

the root canal system remains one of the most critical factors
influencing the success of endodontic therapy. Incomplete
knowledge of internal anatomy can result in missed canals,
inadequate cleaning, and persistent infection, all of which may lead
to endodontic failure.! Traditional imaging modalities have

technology's potential to quantify complex anatomical details and
to compare pre- and post-instrumentation morphology.®® These
methodological advances have contributed to significant progress
in understanding canal configurations, apical anatomy, isthmus
prevalence, and the effects of age, ethnicity, and clinical

provided valuable information about canal anatomy; however,
their two-dimensional limitations often prevent an accurate
appreciation of internal morphology, canal curvature, and
anatomical variations. These constraints have driven the
continuous development and adoption of advanced imaging
technologies in endodontic research.?

Micro-computed tomography (micro-CT) has emerged as the
widely accepted reference method for non-destructive, high-
resolution three-dimensional imaging of dental hard tissues. This
technique allows precise visualization and quantitative evaluation
of root canal morphology, including canal number, shape,
curvature, volume, surface area, and accessory structures.?
Compared with histological sectioning and radiographic methods,
micro-CT provides superior spatial resolution and reproducibility
while preserving the specimen integrity. Consequently, micro-CT
has become an indispensable tool in studies of internal root
anatomy, instrumentation efficacy, sealer penetration, obturation
quality, and morphological variations among different populations
and tooth types.*

Since its first applications in dental research during the early
2000s, micro-CT has progressively transformed endodontic
research methodologies.* Early studies focused primarily on
validating its accuracy and reliability relative to conventional

interventions on root canal systems.'®'? Furthermore, the
incorporation of micro-CT-based datasets into digital modeling
and artificial intelligence pipelines has expanded its relevance
beyond pure morphology studies, positioning it as a central
research instrument in endodontic innovation.”>'

Although several overviews*'>'® have addressed the general
applications of micro-CT in dentistry, no comprehensive
bibliometric analysis has specifically focused on its use in root
canal morphology — one of the most extensively investigated
areas within endodontic research. Bibliometric analysis provides a
quantitative approach to filling this gap by mapping scientific
output, evaluating authorship and collaboration networks, and
identifying thematic evolution across time. Such analyses not only
highlight the trajectory of technological integration but also reveal
geographic and institutional trends that shape the global
distribution of endodontic research activity.” Analyzing
publication output, citation impact, author and country
collaborations, and keyword co-occurrence can reveal both
established and emerging themes that define this research
domain.” Furthermore, identifying the most active contributors,
core journals, and leading countries provides valuable insight into
the academic landscape supporting innovation in endodontic
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imaging.” This study differs from previous bibliometric
assessments by focusing exclusively on micro-CT applications in
root canal morphology, rather than general dental or imaging
contexts. Earlier studies often presented different dental
applications of micro-CT," limiting the ability to identify
morphology-specific trends, author networks, and technological
evolution. By refining the dataset to include only SCl-indexed
studies explicitly addressing root canal anatomy, the present work
provides a targeted and methodologically standardized overview
of how micro-CT has shaped endodontic morphology research
over the past 25 years.

2. Materials and Methods

2.1. Study Design

This bibliometric analysis was conducted in accordance with
established guidelines for reporting bibliometric studies in
biomedical research.

2.2. Search Strategy

A cross-sectional bibliometric analysis was conducted to assess
global publication trends on the use of micro-CT in research on
root canal morphology between 2000 and 2025. The literature
search was carried out on September 20, 2025, using the Web of
Science Core Collection (WoSCC) database, which includes the
Science Citation Index Expanded (SCl-Expanded). The search
strategy employed the keywords “micro-CT" OR " micro-computed
tomography', " morphology’ OR “anatomy’, and "“endodontic" OR
"root canal' in the "All Fields" category. The exact search string was
as follows: (micro-CT OR micro-computed tomography) AND
(morphology OR anatomy) AND (endodontic OR root canal). The
initial search yielded 506 records. After excluding conference
proceedings, letters, editorials, and notes, and limiting the results
to original research articles and review papers published in English,
the dataset was refined by applying the publication year filter
(2000-2025). After detailed evaluation, studies unrelated to the
use of micro-CT in endodontic morphology research were
excluded. The "full records and cited references” of each included
article were exported from WoSCC in plain-text format to ensure
compatibility with bibliometric analysis software.

2.4. Data analysis

Data obtained from the WoSCC database were organized and
analyzed in Microsoft Excel 2021 (Microsoft, USA) to perform
preliminary data management, descriptive evaluation, and trend
analysis. Network visualization was performed using the
VOSviewer software (version 1.6.15; Centre for Science and
Technology Studies, Leiden University, Netherlands). The overall
workflow of the study was presented in Fig. 1.

Publication output and citation counts were calculated. Country-
level publication data were extracted from the WoSCC dataset. The
co-authorship analysis was performed in VOSviewer (v.1.6.15)
using the full counting method. A minimum threshold of 2
documents per author was applied. The resulting data were
organized to identify the most prolific contributors. Country-level
analyses were conducted under the same condition. Additionally,
a thesaurus file was used to merge the country name variants
"Turkey' and " Turkiye' under the standardized label " 7dirkiye" to
ensure consistency in the co-authorship and collaboration
networks. The distribution of publications across journals was
analyzed, and the top 10 journals were identified based on record
counts. A keyword co-occurrence network was constructed to
reveal thematic clusters. The minimum occurrence threshold for
inclusion was set at 3 for author keywords to include only terms
with consistent relevance. A thesaurus file was created in

Records identified through WoSCC
search 2000-2025
n=506

Y
e )

English-language records after removing
conference proceedings, letters,
editorials, and notes

n=499
\. J
{ " 3\
Screening by Subject Category
A) Articles B) Excluded:
categorized under Not related
“Dentistry & Oral n=17
Medicine”
n=482 ]
\ 4
Index Classification
A) SCl-indexed B) Others excluded
n=409 n=73

Fig. 1. Flowchart of the Literature Search and Selection Process

VOSviewer to standardize terminology, merging all variations of
“microcomputed tomography,” “micro computed tomography,”
" micro-computed tomography (scan/scanning)," " microct" “micro
ct" "micro-ct" and "microtomography’ under a single unified
term, “micro-CT’, allowing for clearer clustering and a more
accurate and visually streamlined map of the keyword network.

In all network maps, the node size represented the frequency of
occurrence or publication volume, with larger nodes indicating
higher relevance or output. The thickness of connecting lines
reflected the strength of the relationships between items, and the
color of each node denoted the cluster to which it belonged. All
analyses were performed to provide a comprehensive overview of
publication trends, influential authors, and thematic developments
in the application of micro-CT for root canal morphology research.

3. Results

The refined dataset comprised 499 English-language records;
482 (96.6%) were classified under Dentistry/Oral Medicine and 409
(82.0%) were SCl-indexed. Annual output increased across the
study period, with a clear inflection after 2010 and sustained
activity through the 2020s. Production followed three phases:
2000-2009, low but steady growth as micro-CT platforms entered
dental morphology; 2010-2016, acceleration with wider scanner
availability and established workflows; 2017-2025, consolidation
at higher volumes with multi-country collaboration networks and
recurring morphology themes. The trend line shows no late-period
collapse, indicating durable adoption rather than a transient peak
(Fig. 2).

The top three countries—Brazil (91; 22.25%), the USA (86;
21.03%), and China (79; 19.32%) accounted for 62.6% of all records.
They were followed by Tirkiye, Germany, and Switzerland (Table
1.

Publication leadership was held by Versiani, Marco Aurélio
(n=32), followed by Sousa-Neto, Manoel Damido (n=21) and Keles,
Ali (n=17). Duarte, Marco AH, Wolf, Thomas Gerhard, and
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Fig. 2. Yearly output and citation counts (WoSCC, 2000-2025).

Gutmann, James each have 16 publications. Paqué and Ronald
have 15, while Keskin and Ahmed have 14 each. The 11-publication
gap between the first and second positions indicates a right-
skewed distribution with a concentrated top tier and tight
clustering in the lower ranks (Table 2).

The co-authorship network comprises 11 distinct clusters (Fig. 3).
The largest is Brazil-centered, anchored by Sousa-Neto, Versiani,
Ordinola-Zapata, Duarte, and Tanomaru-Filho. A Korean-centered
cluster (Lee Jong-Ki, Lee Woo-Cheol, and Oh, Kum) shows strong
internal ties but limited external links. Authors like Keles and
Belladonna function as critical bridges, linking multiple diverse
clusters across the map. While Ahmed and colleagues form a
noticeable sub-cluster, Gu, Y. appears as a small, isolated satellite
group, highlighting the specialized and diverse nature of
collaboration within this global research field.

The cross-country collaboration network (Fig. 4) revealed strong
international partnerships centered around Brazil, China, and the
USA, which represented the largest and most interconnected
nodes. Germany, Switzerland, Italy, and Turkiye also emerged as
key contributors with extensive cooperative links. The dense
interconnections among these core countries indicate a highly
globalized research landscape, characterized by active knowledge
exchange and co-authorship across Europe, Asia, North America,
and South America.
in Table 3,
International Endodontic Journal accounted for the majority of
publications (27.1% and 13.9%, respectively), followed by Clinical
Oral Investigations and BMC Oral Health.

The keyword co-occurrence analysis (Fig. 5) revealed that 'micro-
CT' was strongly linked to ‘root canal preparation,” ‘anatomy,” and
‘cone-beam computed tomography.” After thesaurus merging and
a minimum occurrence threshold of 3, three stable clusters
predominated: root canal classification, endodontic
instrumentation and treatment procedures, and imaging-based
anatomical studies. The dense interconnections surrounding
‘micro-CT' highlight its pivotal role as a methodological core in
endodontic morphology research.

As shown the Journal of Endodontics and

Table 2. Country Contributions

Country/Region Record Count % of 409
Brazil 91 22%

USA 86 21%
Peoples R China 79 19%
Turkiye 44 10%
Germany 35 8%
Switzerland 34 8%

Italy 26 6%
Japan 24 5%
South Korea 19 4%

Counts are out of 409 records. Turkey and TURKIYE merged as “Turkiye”.

suopeyo

Table 1. Top 10 Authors by Publications

Rank Author Publications
1 Versiani, Marco Aurélio 32
2 Sousa-Neto, Manoel Damiao 21
3 Keles, Ali 17
4 Duarte, Marco AH 16
5 Wolf, Thomas Gerhard 16
6 Gutmann, James 16
7 Paqué, Frank 15
8 Ordinola-Zapata, Ronald 15
9 Keskin, Cangul 14
10 Ahmed, Hany Mohamed Aly 14

4. Discussion

Micro-CT has become a fundamental tool in in vitro endodontic
research due to its ability to provide non-destructive, high-
resolution, and three-dimensional visualization of internal dental
anatomy.? The bibliometric analysis conducted between 2000 and
2025 demonstrated a robust and sustained global increase in
publications utilizing micro-CT for studies on root canal
morphology, with notable geographic and thematic shifts over
time.

The bibliometric pattern in Figure 2 demonstrates a three-phase
evolution in micro-CT-based endodontic morphology research: (1)
2000-2009 - introduction and methodological validation, (2)
2010-2016 — expansion and scanner diffusion, and (3) 2017-2025
— consolidation and international collaboration. The initial decade
showed low but steady growth, coinciding with micro-CT's
emergence as a research tool for dental hard-tissue imaging. Early
publications emphasized validation and reproducibility compared
with histologic and radiographic techniques. Limited scanner
access and high costs restricted widespread use, yet the
persistence of small-scale studies indicateed that researchers
recognized the technology’s methodological potential early on.”2!
After 2010, studies shifted from proving accuracy to applying
micro-CT in complex anatomical and instrumentation research.?>2
The rising publication and citation curves confirm that micro-CT
matured into a standard reference for evaluating shaping effects,
canal curvature, and isthmus prevalence. This trend is consistent
with the findings of Aksoy et al.” who reported a similar inflection
point around 2010, marking the transition from validation-based
to application-oriented research. However, unlike that earlier
analysis, the present study extended the time window to 2025 and
reveals that global collaboration intensity and thematic diversity
continued to expand rather than stabilize. Similarly, Alfadley et al."
demonstrated that endodontic imaging research—especially in
micro-CT and CBCT—has shifted toward integrative and data-
driven methodologies, which aligns with the increased co-
authorship and Al-related keyword emergence observed in our
results. The plateau at higher publication volumes in Figure 2
suggests stable, durable integration rather than a transient surge.
Multi-country collaboration networks (Brazil, USA, China, Turkiye,
Germany, and Switzerland) indicate the field’s globalization,

Table 3. Top 10 Journals by Publication Count

Journal Record Count % of 409
Journal of Endodontics 111 27.1%
International Endodontic Journal 57 13.9%
Clinical Oral Investigations 29 71%
BMC Oral Health 23 5.6%
Australian Endodontic Journal 17 4.2%
Archives of Oral Biology 12 2.9%
Scientific Reports 1 2.7%
Brazilian Oral Research 6 1.5%
Journal of Applied Oral Science 6 1.5%
Journal of Hard Tissue Biology 6 1.5%
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Fig. 3. Co-authorship networks in micro-CT-based endodontic
morphology research.

reflecting how knowledge diffusion and shared data pipelines
have enhanced methodological consistency. The sustained citation
growth implies that foundational works from the 2010s continued
to influence later research, possibly due to integration with digital
modeling."™

The country distribution highlights Brazil, the USA, and China as
the primary contributors, jointly accounting for over 60% of all
indexed records. This dominance suggests a mature and well-
established research infrastructure within these nations, supported
by consistent funding mechanisms, international collaborations,
and academic institutions that prioritize high-impact endodontic
research.?*?> Brazil's leadership position aligns with its strong
endodontic research network centered around the University of
Sdo Paulo and the University of Minas Gerais, where structured
postgraduate programs and micro-CT facilities have facilitated
large-scale morphological investigations.?® This institutional
strength was further reflected in the productivity of leading
Brazilian authors such as Versiani, Sousa-Neto, and Duarte, whose
contributions dominate the field and reinforce the country’s
prominent role in endodontic research. Tirkiye's emerging
contribution, ranking fourth, underscores the growing capacity of
middle-income regions to participate in high-resolution imaging
research. The strong presence of European countries such as
Germany, Switzerland, and lItaly further highlights the global
interconnectedness of the field. Overall, these data illustrate that
endodontic imaging research has evolved from isolated national
efforts into a transcontinental network of shared methodologies
and co-authored investigations. The clustering pattern observed in
the co-authorship maps corroborates this finding, showing that
prolific authors frequently operate within dense, interlinked
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Fig. 4. Cross-country collaboration networks in micro-CT-based endodontic
morphology research.
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Fig. 5. Node size, link thickness, distances, and colors represent keyword

frequency, co-occurrence strength, relatedness, and clusters,

respectively.

collaborative groups. The Brazilian-led cluster formed the core of
the network, with strong internal cohesion and frequent cross-
linkages to European and Asian authors. Peripheral but
increasingly active contributors—particularly from Turkiye, China,
and Korea—serve as bridges between regional research
communities, enhancing global data integration and
methodological exchange.

The journal distribution indicated that while endodontic-focused
journals dominate the publication landscape, research on micro-
CT and root canal morphology also showed substantial
representation in broader dental science platforms. The Journal of
Endodontics and International Endodontic Journal together
accounted for over 40% of all indexed records, confirming their
roles as core outlets for methodological and morphological
investigations in endodontics. However, the presence of
multidisciplinary journals such as Clinical Oral Investigations, BMC
Oral Health, and Archives of Oral Biology reflected the cross-
disciplinary relevance of micro-CT applications, extending beyond
endodontics into restorative, anatomical, and biological research
contexts. Similarly, the inclusion of Brazilian Oral Research and the
Journal of Applied Oral Science highlighted the integration of
endodontic imaging studies within national and general dentistry
journals. This distribution suggested that micro-CT-based
investigations have become an established methodological
approach not only within endodontics but also across the wider
field of dental research.

As observed in keyword co-occurrence network, core concepts
related to root canal classification, endodontic instrumentation,
and imaging-based anatomy were predominantly presented.
Frequently recurring terms such as ‘root canal configuration’,
‘curvature’, ‘instrumentation’, and ‘cone-beam computed
tomography’ indicated a research focus that balanced both
morphological exploration and clinical applicability. Over recent
years, new key terms—such as ‘3D reconstruction’, ‘deep learning’,
and ‘digital imaging'—have begun to appear more frequently,
reflecting the ongoing integration of computational analysis and
artificial intelligence into imaging workflows.?*® This trend
highlighted a shift toward precision-based endodontics, where
imaging data were utilized not only for structural assessment but
also for predictive modeling, diagnosis, and treatment
optimization. Future studies are expected to expand these
interdisciplinary applications, combining advanced imaging with
digital technologies to enhance reproducibility and clinical
translation in dental research.?®

Cone-beam computed tomography (CBCT) is another important
imaging method used in endodontics for three-dimensional
evaluation of root canal anatomy.3%3" Although CBCT provides
valuable clinical information, its lower image resolution compared

Micro-CT in Root Canal Morphology
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to micro-CT limits its use for detailed morphological studies.®
However, CBCT remains essential for in vivo imaging and clinical
decision-making. In recent years, studies combining CBCT and
micro-CT have shown that both techniques can complement each
other—micro-CT offering precise laboratory data and CBCT
providing practical clinical visualization. Together, these
technologies support better diagnosis, treatment planning, and
understanding of root canal morphology in both research and
clinical practice.”*

Although this analysis provided an in-depth look of global
publication trends, several methodological limitations were noted.
In this study, the data source was limited to the WoSCC and SCI-
Expanded publications, which were selected for their high-quality
indexing of peer-reviewed journals and compatibility with
bibliometric software3* Consequently, relevant publications
indexed in other databases might have been missed. These
exclusions could lead to minor discrepancies in country- or author-
level output. Nevertheless, the use of WoSCC and SCI expanded
ensures standardized citation tracking, reliable metadata, and
methodological consistency, which together strengthen the
validity of the present bibliometric assessment.>® Future research
should focus on expanding the integration of micro-CT data with
advanced computational methods such as artificial intelligence
and digital modeling. Comparative analyses using multi-modal
imaging can further validate measurement consistency.

Micro-computed tomography has evolved from a validation
instrument into a foundational technology that underpins modern
endodontic research. The steady global increase in publications,
broad international collaboration, and thematic diversification
confirm its sustained scientific and clinical relevance. As the field
advances, continued standardization, data sharing, and integration
with artificial intelligence are expected to define the next phase of
innovation—bridging anatomical insight with clinical application
and setting new benchmarks for precision in endodontic science.

5. Conclusion

This bibliometric analysis demonstrates the sustained global
growth and methodological maturation of micro-CT-based
research in root canal morphology over the past 25 years. The
findings highlight the central role of micro-CT as a precise, non-
destructive imaging technique that has advanced both anatomical
understanding and experimental standardization in endodontics.
Ongoing integration with computational tools, digital imaging,
and artificial intelligence is expected to further strengthen the
reproducibility, accuracy, and clinical translation of future research
in this field.
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